The Permanent Scatterers technique uses data from satellite mounted Synthetic Aperture Radars like ERS1, ERS2, ENVISAT and Radarsat to extract the location of scatterers that have strong and stable signature so that they will not be corrupted by clutter. Then, it is possible to determine the spatial position of the PS with a sub -metric precision and their progressive motion (one measurement per month, approximately) with sub -millimetric precision. The spatial density of the PS decreases from several hundred /km2 in towns to just a few in agricultural environment. However, a metal pipe can be sufficient to make a PS, and detect an illegal well from the seasonal subsidence. If the PS density is high enough, an estimate is possible of the Atmospheric Phase Screen that rotates the radar signals, initiating the bootstrap process that finally yields relative motions and locations. The minimum length of the data series necessary to estimate PS is about 10 -15 takes. Applications go from building stability analyses and collapse predictions, subsidence analysis, pre seismic motion analysis, landslides studies. More than 2800 images have been processed in more than 60 sites around the world. Data from Tokyo and the Isu province in Japan will be shown.
INTRODUCTION
The Synthetic Aperture Radar is a microwave imaging system of the earth surface [4] . It has cloudpenetrating capabilities because it uses microwaves. It has day/night operational capabilities because it is an active system. Finally, in its "interferometric configuration", it allows accurate measurements of the radiation travel path because it is coherent. Measurement of travel path variations as a function of the satellite position and time of acquisition allow to generate Digital Elevation Maps (DEM) and to measure centimetric surface deformation of the terrain. A SAR imaging system from satellite (as ERS-1 and ERS-2) is sketched in figure 1 . A satellite carries a radar with the antenna pointed to the earth surface in the plane perpendicular to the orbit (the inclination of the antenna with respect to the Nadir is called off-Nadir angle and usually ranges between 20 and 50 deg. (21 deg. for ERS-1 and ERS-2) for the available systems. Currently operational satellite SAR systems work at C band -5.3GHz (the European ERS, the Canadian Radarsat, and the US Shuttle missions), L band -1.2GHz (the Japanese J-ERS), and X band -10GHz (the German-Italian X-SAR on the shuttle missions). In the case of ERS, the illuminated area on the ground (antenna footprint) is about 5km in the along-track direction (also said azimuth direction) and about 100km in the across-track direction (also said ground range direction). The direction along the Line of Sight (LOS) is usually called slant-range direction. The antenna footprint moves at the satellite speed (about 7500m/s for ERS) along its orbit (a quasi-polar orbit for ERS-1 and ERS-2 that crosses the equator with an angle of 9 deg. at an elevation of about 800km). It forms a 100km wide strip on the earth surface with the capability of imaging a 450km long strip every minute.
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SAR INTERFEROMETRY
A satellite based SAR can observe the same area from slightly different looking angles. It can be done simultaneously (two radar should be mounted on the same platform, as in the recent NASA/DLR/ASI survey SRTM) or at different times by exploiting repeated orbits. The latter is the case of ERS-1 and ERS-2. In that case, time intervals between observations of 1, 35 or a multiple of 35 days are available. The distance between the two satellites in the plane perpendicular to the orbit is called "interferometer baseline" and its projection perpendicular to the slant range is called "perpendicular baseline" B n . The SAR interferogram is generated by cross-multiplying pixel by pixel the first SAR image times the second one complex conjugated. Thus, the interferogram amplitude is the amplitude of the first image times that of the second one, whereas its phase (called interferometric phase) is the phase difference between the two images. The variation of the interferometric phase that results passing from one resolution cell to another has a simple expression (an approximation that holds for small baselines and resolution cells not too far apart) that depends on a few geometric parameters shown in figure 2. where λ is the SAR wavelength, B n the perpendicular baseline, R the radar-target distance and q the relative elevation of the pixels.
In principle, the higher is the baseline the more accurate is the altitude measurement since the phase noise is equivalent to a smaller altitude noise. The SAR interferogram provides a measurement of the relative terrain altitude that is ambiguous. The phase variation between two points on the SAR interferogram provides a measurement of the actual altitude variation plus an integer number of altitude of ambiguity (equivalent to an integer number of 2 phase cycles). The process that allows to add to the interferometric fringes the correct number of altitude of ambiguity is called phase unwrapping [1] . Once the interferometric phases are unwrapped, an elevation map in SAR coordinates is obtained. Moreover, if a digital elevation model (DEM) is available, the altitude contribution can be subtracted from the interferometric phase (generating the so-called differential interferogram) and the terrain motion component can be measured [2] . In the ERS case with λ=5.6cm and assuming a perpendicular baseline of 150m (a rather usual value), the following expression holds:
From this example it appears that the sensitivity of SAR interferometry to terrain motion is much larger than that to the altitude difference. A 2.8cm motion component in the slant range direction would generate a 2π interferometric phase variation. As an example, the map of the terrain deformation that occurred on Mt. Etna during the 2001 eruption, is shown in figure 5 . 
NOISE SOURCES IN SAR INTERFEROMETRY
Three main phase noise contributions limit the accuracy of DEM and motion measurements with SAR interferometry.
Phase noise due to temporal change of the scatterers. As an example, in the case of water basin or densely vegetated areas, the scatterers change totally after a few milliseconds, whereas exposed rocks or urban areas remain stable even after years. Of course, there are also the intermediate situations where the interferometric phase is still useful even if corrupted by change noise. Phase noise due to the different looking angle. The speckle changes due to the different combination of the elementary echoes even if the scatterers do not change in time. As a consequence, there exists a critical baseline over which the interferometric phase is pure noise. In the ERS case, the critical baseline for horizontal terrain is about 1150 meters. Phase noise due the atmospheric contribution. When two interferometric SAR images are not simultaneous, the radiation travel path can be affected differently by the atmosphere. In particular, different atmospheric humidity, temperature and pressure between the two takes have a visible consequence on the interferometric phase (Atmospheric Phase Screen: APS) [5] . This effect is usually confined within a 2 peak to peak interferometric phase change along the image with a smooth spatial variability (from a few hundreds meters to a few kilometers). The effect of such a contribution impacts both on altitude (especially in case of small baselines) and terrain deformation measurements. As an example, the atmospheric phase contribution to the ERS interferogram generated on Paris is shown in figure 6 . Here the turbulence effect has been superimposed to the detected image of Paris. 
THE PERMANENT SCATTERERS
The use of short revisiting times in not a solution to the temporal decorrelation problem, since slow terrain motion (e.g. creeping) cannot be detected. Reflectivity variations as a function of the incidence angle (i.e. geometrical decorrelation) further limit the number of image pairs suitable for interferometric applications, unless this phenomenon is reduced due to the point-wise character of the target (e.g. a corner reflector). In areas affected by either kind of decorrelation, possible phase variations due to target motion cannot be highlighted by SAR interferometry. Finally, atmospheric heterogeneity superimposes on each SAR image an atmospheric phase screen (APS) that can seriously compromise accurate deformation monitoring. It may be extremely difficult to discriminate displacement phase contributions from the atmospheric signature at least using individual interferograms. Atmospheric artifacts show a strong spatial correlation within every single SAR acquisition, but are uncorrelated in time. Conversely, target motion is usually strongly correlated in time and can exhibit different degrees of spatial correlation depending on the phenomenon at hand (e.g. subsidence due to water pumping, mining, deformation along seismic faults, localized sliding areas, collapsing buildings, etc.). Atmospheric effects can then be estimated and removed by combining data from long time series of SAR images, as those in the ESA-ERS archive, gathering data since late 1991. In order to exploit all the available images, and improve the accuracy of APS estimation, only scatterers slightly affected by both temporal and geometrical decorrelation should be selected. Phase stable point-wise targets, hereafter called Permanent Scatterers (PS), can be detected on the basis of a statistical analysis on the amplitudes of their electromagnetic returns [2, 3] . This allows pixel-by-pixel selection without spatial averaging. Due to the high spatial correlation of APS, even a sparse grid of measurements enables to retrieve the atmospheric components on the whole of the imaged area, provided that the PS density is larger than 3-4 PS/km 2 . Of course, a sufficient number of images should be available (usually more than 30), in order to properly identify PS and separate the different phase contributions. Even though precise state vectors are available for ERS satellites, the impact of orbit indeterminations on the interferograms cannot be neglected. Estimated APS is actually the sum of two contributions: atmospheric effects and orbital fringes due to baseline errors. However, the latter correspond to low-order phase polynomials and do not change the low-wavenumber character of the signal to be estimated on the sparse PS grid. At the PS locations, sub-meter elevation accuracy (due to the wide dispersion of the incidence angles available, usually ± 70 millidegrees with respect to the reference orbit) and millimetric terrain motion detection (due to the high phase coherence of PS) can be achieved, once APSs are estimated and removed. In particular, the relative target LOS velocity can be estimated with unprecedented accuracy (sometimes even better than 0.1 mm/yr, exploiting the long time span on very stable PS).
In conclusion, reliable elevation and deformation measurements can be obtained in correspondence of the identified PS that can be used as a ''natural'' GPS network on a very dense grid.
EXAMPLES OF THE PS PROCESSING
In figure 7 is displayed the LOS velocity field estimated exploiting 55 ERS acquisitions from 1992 to 1999 over an active fault in Southern California. An average density of as many as 200 PS/km 2 was found (almost every building in the area has been associated to a PS). From that figure variations of the average displacement velocity as small as a fraction of millimeter per year can be appreciated. In figure 9 a comparison of the results obtained in the area of Tokyo using Radarsat and ERS images is shown, to demonstrate the possibility of the use of alternate SAR platforms.
CONCLUSIONS
We have shown that in urban areas Permanent Scatterers exist. They allow to generate interferograms on a sparse dense grid, even if the time lapse between the takes is many years long. The density of the PS's in urban areas is always large enough to estimate the atmospheric disturbance (the APS) with a sufficient spatial resolution. Then, the estimated APS can be removed from the interferometric phase, improving the DEM and the pixel motion accuracy. Having demonstrated the sensitivity of the method, we expect PS analysis to play a major role whenever accurate geodetic measurements are needed, especially in urban areas, where the building density (related to the PS density) is widely sufficient for a precise identification of the motion phase component. This opens new possibilities for reliable risk assessment and for monitoring hazardous areas, including time/space monitoring of strain accommodation on faults, subsiding areas and slope instability, as well as precision stability check of single buildings and infrastructures.
